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Abstract 
The National Solar Mission launched by the Government of India promotes the deployment of 20,000 
GW of solar power by 2022.  In this initiative CSP plays a significant role. Solar thermal power 
generation opportunities in India are huge. SunBorne Energy in partnership with the Ministry of New and 
Renewable Energy (MNRE), Government of India, is developing solar power tower technology within 
the framework of the R&D project CRISPTower (Collaborative Research Initiative in Solar Power 
Tower). The project is being carried out in cooperation with IMDEA Energy, Spain and the Clean Energy 
Research Center (CERC), University of South Florida (USA). A 1MWth solar power system is currently 
being installed at the Solar Energy Center at Delhi,India (28.425º Latitude). The project envisages the use 
of atmospheric air as the working fluid with an exit temperature from an open volumetric metallic porous 
receiver of about 600ͼC. A new carousel-type heliostat design with 150m2 mirror surface area is 
incorporated in the system. The thermal storage system is based on a packed bed of rocks, primarily 
consisting of metallic oxides as sensible storage medium.  
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1. Introduction 
India, like many countries in the world, is facing significant energy and environmental challenges. The 
current energy needs are primarily met by fossil fuels which is unsustainable. India needs a radical change 
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in its energy model incorporating the use of solar energy resources. The modularity of solar thermal 
power plants allows distributed generation in semi-urban locations with less environmental impact and 
greater manageability of the thermal energy produced. 
 
This work is being carried out within the framework of an initiative entitled CRISPTower 
(Collaborative Research Initiative in Solar Power Tower). It is an R&D project jointly funded by the 
Ministry of New and Renewable Energy of India (MNRE) and SunBorne Energy. The collaborating 
partners include IMDEA Energy (Spain) and CERC, University of South Florida (USA). The project 
includes the development of a 1MWth solar tower power plant at the Solar Energy Center, Government of 
India. The overall objective of this project is to demonstrate innovative, cost-effective and reliable 
heliostat, receiver and thermal storage designs for the large scale deployment of such technology. As 
shown in Figure 1, the plant consists of heliostats, an open volumetric air receiver and an air/solid thermal 
storage. 
 
This plant is envisaged as a demonstration facility at which different operating modes such as solar, 
thermal storage, fossil fuel hybrid, etc. along with different control strategies can be evaluated. Such a 
pilot plant is necessary for the long-term development of in-house technology and vendor base achieving 
grid parity in solar electricity generation.  
 
 
 
Fig 1 Schematic of the 1MWth Solar Power Tower System 
 
2. Technology Background 
 
    All the key components of a solar power tower system will be developed in-house in this project, as 
described below: 
 
2.1 Receiver 
 
   An open volumetric receiver utilizing ambient air as the heat transfer fluid is presently under 
development. The concentrated solar radiation from the heliostats is incident on a volumetric 
receiverwhere it is absorbed inside the porous structure volume of the receiver. The thermal energy is 
transferred to the heat transfer fluid flowing through the porous structure. A metallic porous mesh having 
a porosity over 95% is presently under development. We have also incorporated a novel design feature for 
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reducing the energy spillage across the absorber. The design is included in a recently filed international 
patent. 
 
    The benefits of the technology are basically derived from its simple design concept based on 
atmospheric air as the heat transfer medium, as compared to synthetic oil or molten salt systems, thus 
promising high availabilities from the very beginning. The volumetric air receiver technology also 
provides high receiver efficiency, because of the absorptivity of the porous media and the cavity receiver 
design. The absorber design can be easily scaled up. Start-up times are extremely short (below 15 min) in 
comparison to the systems using water/steam or molten salt as the heat transfer fluids (45 min.). It is a 
straightforward process and simple to operate. This is a novel approach that can also be integrated with an 
inexpensive solid sensible heat storage systems,. 
 
2.2 Heliostat 
 
The heliostat field represents a sizeable capital investment of a solar power tower plant, and therefore 
one of the most important components for reducing the overall plant cost. We have adapted PV dual-
axis tracking technology to develop a non-pedestal heliostat system having a size of 150m2. The 
innovative design enables the use of an inexpensive azimuth gear drive, which happens to be the 
most capital intensive component of a conventional pedestal heliostat design. Our current cost 
projections show that the 1MWth solar field can be manufactured at less than 150 USD/m2 as 
compared to SANDIA’s reference of 200 USD/m2 for a 50MWe plant.  
 
2.3 Thermal Storage 
 
      An air to solid packed bed thermal storage configuration is proposed to store the thermal energy of the 
hot air into solid particles/rocks. We have been evaluating few indigenous rocks as thermal storage media 
readily available in India. The cost of such material is about 3-4 INR/kg.  
 
2.4 Solar Field Controls 
 
     We have proposed a control architecture where the heliostat aiming strategy is driven by a central 
control system. In such control methodology, the local heliostat control is required to achieve the desired 
azimuth and elevation positions as directed by the central control system.  
 
4. Current Status and Outlook 
 
     A receiver numerical model has been developed by coupling Monte Carlo calculations with 
Computational Fluid Dynamics. A novel concept of capturing solar energy spilled over the receiver 
aperture has been proposed. The proposed receiver design shows efficiency improvement of about 20% 
over a conventional billboard receiver design. The experimental investigation for optimizing the porous 
media has been carried out in a solar simulator. Various samples of porous meshes composed of various 
high temperature metallic alloys and ceramic materials were evaluated. The size of the porous media 
specimen used for the experimental investigation is 13cm x 13cm x 4cm. The experimental investigation 
has been further used to validate the numerical model. The validated receiver numerical model has been 
used to optimize the design of a 50 kWth prototype receiver, which is currently under experimental 
evaluation. A 1 MWth receiver will be designed based on the testresults of the 50 kWth pilot receiver. 
 
     Figure 2 shows a schematic of the 50 kWth receiver test setup which is currently under investigation. A 
water cooled heat exchanger is used to simulate the steam turbine conditions. Wind data, direct solar 
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irradiance and ambient temperature are monitored to evaluate the impact of wind on the recirculation of 
the ambient air in the receiver design. The air and water flow rates are controlled from the central control 
system. The air flow rate is controlled to achieve the desired air temperature at the receiver outlet using a 
variable frequency drive controlled blower, whereas the flow rate of water in the heat exchanger controls 
the air temperature at the receiver inlet. The complete assembly of the receiver test setup on the top of the 
tower is shown in Figure 3. 
 
 
Figure 2. Schematic of a 50 kWth receiver test setup 
 
 
 
 
Figure 3. 50 kWth receiver test setup from isometric rear view on the top of the tower 
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      We have selected a non-pedestal heliostat system having a size of 150m2 for the pilot plant. Figure 4 
shows the heliostat field layout. Figure 5 shows the design flux on the receiver at noon on 21st March, for  
Direct Normal Irradiance of 750W/m2 . The average thermal input to the receiver is about 1.5MWth with a 
peak flux of 1700 kW/m2. It is based on the assumption of having parabolic curving of mirrors to provide 
the required focal length of the heliostat.  
 
 
 
Figure 4. Selected Heliostat Field Layout ( Red color shows the tower location) 
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Figure 5. Flux Map: Individual Focal Length, 16 Heliostats, 150 m2 
 
 
A dual-axis PV tracking system was adapted for the design of the heliostat tracking system. The system 
was modified for heliostat use by increasing the structural rigidity and enhanced tracking accuracy 
requirements for the solar power tower technology. The heliostat structure is supported by four wheels 
and a central post. The azimuth orientation is achieved by rotating the heliostat about the central post 
using one of the four wheels to drive the structure. A helical screw mechanism is used for controlling the 
elevation of the heliostat. Each 150m2 heliostat is composed of 40 mirror facets. Each facet is composed 
of a parabolic curved mirror supported on a metallic frame. Figure 7 shows the photograph of the 
heliostat installed at the pilot plant.  We have developed in-house technology for 2 axis cold bending of 
the mirror to achieve the desired focal length. The parabolic curvature of the mirror was achieved by 
mechanically shaping the mirror using gravity sagging. In addition, the mirror canting technology to align 
the mirrors on the heliostat frame was developed. The mirror canting technology enables the creation of a 
virtual parabola suitable for focusing the individual mirrors on a single focal point. We have adopted a 
parabolic off-axis canting method for the heliostat field. 
 
The civil construction of the heliostat foundations has been completed. The installation of 5 heliostats has 
been completed, and the rest of the solar field is currently being commissioned. All individual heliostats 
are controlled through a central control system. The central system computes the desired orientation of 
the heliostats, and communicates the same to the heliostats. In addition, heliostat orientation pertaining to 
any emergency event, night stow positions, routine maintenance, etc. is also communicated through the 
central control system. The heliostat orientation is achieved through an open loop feedback control with 
the help of optical encoders and variable frequency drive controlled motors. Limit switches on azimuth 
and elevation positions are also incorporated for calibration and safety requirements. Figure 6 shows the 
heliostat control architecture adopted in the pilot plant. In the case of communication failure between the 
local heliostat and the central control systems, the heliostat is stowed to a safer position. The central 
control system of the solar field has been developed with the software LabView software from the 
National Instruments®. The central control system is connected through a RJ45 ethernet local network 
with all the heliostats. Figure 8 shows a screenshot of the graphical user interface of the central control 
system developed in LabView. 
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Figure 6. Heliostat Control Architecture 
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Fig 7 150m2 Heliostat installed at the pilot plant 
    
 
      
Figure 8. Screenshot of Graphical User Interface of Central Solar Field Control System (LabView) 
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The thermal storage system is a packed bed system with rocks as the sensible storage medium. We have 
evaluated various rocks locally available in India. The selected thermal storage media properties are 
compared with different thermal storage materials in Table 1. It shows that the new material has much 
higher energy density in comparison to molten salt. In addition, the packed bed configuration will 
eliminate the cost associated with molten salt systems due to its corrosive and molten state requirements. 
 
Table 1  Comparison of thermal energy density in different media 
 
Material Density, kg/m3 Specific Heat, J/kg-K Energy Density, kJ/m3-K 
Aluminum 2700 920 2484 
Cast Iron 7200 540 3889 
Fireclay 2100 – 2600 1000 2100 – 2600 
Al2O3 3900 900 – 930 3150 – 3255 
SiO2 2320 800 – 840 1856 – 1950 
Fe2O3 5206 650 – 700 3384 – 3645 
Iron 7800 460 3588 
Molten Salt 1680 1560 2620 
Selected Thermal 
Storage Media 
3200 851 (@ 200C) 
1158 (@ 400C) 
2723 (@ 200 C) 
3703 (@400 C) 
 
 
A numerical model of the thermal storage system based on one dimensional unsteady two phase energy 
equations has been developed. The numerical model has been used to study the behaviour of the thermal 
storage system for various parameters such as the aspect ratio, rock distribution and various mass flow 
rates. The charging and discharging completion boundary conditions were optimized on the basis of exit 
air temperature. Further, parametric studies of the aspect ratio and mean particle diameter have been 
carried out to obtain the performance of the charging and discharging operations including the 
temperature distribution across the solid and fluid phases. The performance parameters considered in the 
analysis are the overall system efficiency and specific energy density for the packed bed design. It was 
found that by considering the lower values of the exit air temperature as the criterion for the completion 
of charging the overall system efficiency is higher but specific energy density is lower. Thus, an 
economic consideration is required for selecting the exit air temperature value for the charging 
completion criterion. The analysis shows that the optimal value of the mean particle diameter is in the 
range of 20-50mm. It was also found that the aspect ratio of the thermal storage tank size has minimal 
impact on the overall efficiency of the system. Figures 9 and 10 show the variation of the overall 
efficiency and volume per MWh of the thermal storage system with particle diameter, and Figures 11 and 
12 show the impact of the aspect ratio on the system. 
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Figure 9. Overall efficiency with respect to particle diameter  Figure 10. Vol/MWh and Wt./MWh  vs. particle diameter  
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Figure 11. Overall efficiency vs. aspect ratio   Figure 12. Vol/MWh and Wt./MWh vs. aspect  ratio  
 
 
An experimental study of a small model thermal storage system is currently ongoing at the CERC, 
University of South Florida. The pressure drop of a packed bed thermal energy storage system with 
irregular shaped solid pellets and tank-to-particle diameter ratio of 10.4 is being investigated. The bed 
height to diameter ratio is 2. The particle sphericity is calculated and used to compare pressure drop 
correlations to the measured values in the particle Reynolds number range of 353 İ Rep İ 5206. The 
data from the experiments shall be used to further improve the efficacy of the numerical model. 
 
                                                              
 
A 32 meter tall steel tower has been installed at the pilot plant as shown in Figure 13. A 2 ton jib crane is 
also installed at the top of the tower to enable lifting of various receiver components on the tower. The 
tower has two platforms at 26 meters and 32 meters from the ground level. 
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Figure 13. Photograph of the 32m tall steel tower structure. 
 
 
